The bacteriology of resected tuberculous lung lesions after varying amounts of chemotherapy has provided much important information on the efficacy of chemotherapy. As early as 1952 Medlar, Bernstein, and Steward (1952) and Beck and Yegian (1952) noted the effect of chemotherapy on tubercle bacilli. Few studies have been carried out where the bacteriology, histology, and chemotherapy have been correlated. Most reports have divided chemotherapy into groups according to duration only.
The bacteriology of resected tuberculous lung lesions after varying amounts of chemotherapy has provided much important information on the efficacy of chemotherapy. As early as 1952 Medlar, Bernstein, and Steward (1952) and Beck and Yegian (1952) noted the effect of chemotherapy on tubercle bacilli. Few studies have been carried out where the bacteriology, histology, and chemotherapy have been correlated. Most reports have divided chemotherapy into groups according to duration only.
In this study of 218 patients, equal emphasis has been placed on the quality of chemotherapy and on its duration, and the resected tesions have been studied bacteriologically and histologically.
Factors other than chemotherapy may influence the progress of lesions, and in this study we have paid particular attention to one method of treating cavities, namely postural reduction (Thomas, 1955) .
We hope to show that chemotherapy has only a slight influence on the consistence of caseous tissue, but has a marked tendency to collagenize the capsule and causes a dramatic reduction in culturable bacilli in the lesion, and that quality as well as duration of chemotherapy and size of the lesion also influence the bacteriology.
MATERIAL AND METHODS
CLINICAL MATERIAL.-The group of 218 patients was representative of those found in any thoracic surgical unit. They were admitted between November, 1955, and November, 1956 ; ages varied from 19 months to 55 years, but 95% were over 15 years; the sex incidence was about equal. The duration of disease, always difficult to determine accurately, was taken as the time from diagnosis to operation. This period varied from 23 years to less than one year, but in the majority it was under three years. The radiological extent of the disease varied from the solitary lesion 1 cm. and over in diameter to bilateral cavitated disease. In 22 patients, specimens from both lungs were examined.
PRE-OPERATIVE
BACTERIOLOGICAL STATE.-Sputum specimens or gastric washings from all patients had at some time been cultured for tubercle bacilli, with a positive result in 75% of the patients. Of those who were positive, 64% had had sensitivity tests performed, and of those tested 32% had organisms showing some degree of resistance to one or more of the three drugs, streptomycin, p-amino-salicylic acid, and isoniazid.
At the time of operation, however, cultures were positive in only six of the 218 patients, and of these four were resistant to one or more of the standard drugs. CHEMOTHERAPY ADMINISTERED.-A review of the case histories of these patients showed that the chemotherapy they had received before admission to our hospitals varied greatly. Only a small percentage had what is now considered good chemotherapy.
We classed these chemotherapy regimes as follows: (Fig. 2) , though recorded, were not examined bacteriologically.
At the time when the caseous lesion was bacteriologically sampled, it was assessed as calcified when this was obvious to the scalpel, solid when it had to be dug out, and pultaceous when the material could be expressed with ease. If the lesion represented a blocked cavity (Fig. 3) , it was classified as such. To distinguish between a pultaceous lesion which has never been a cavity and a blocked cavity is difficult, and it is recognized that false assessments may have been made. When the chemotherapy given was correlated with the histology of the capsule of the lesions (Fig. 8) , it was found that all those who had " A' type chemotherapy possessed collagenous capsules (Groups I and 1I). Those who had cellular capsules only (Group IIl) had received either "D " or " C " chemotherapy.
When the duration of disease was also considered, it was found to be related to the type of capsule. Duration of disease appeared to influence the distribution of lesions with Group II and Group III histology in patients receiving the shorter " D " chemotherapy, as no lesions were found limited by an entirely cellular capsule when the disease was of more than three years' duration. The influence of duration of disease was also seen after " A " type chemotherapy, but it was less.
As patients in each group were comparable apart from the chemotherapy received, it would appear that efficient chemotherapy has a definite influence on the histology of the capsule, effecting a change toward collagenous encapsulation, and accelerates the change that can occur naturally in favourable circumstances.
As the great majority of our patients received isoniazid, we could not determine whether isoniazid had any particular influence on histology.
CHEMOTHERAPY AND BACTERIOLOGY. ever. These morphologically abnormal bacilli was clear-cut (Fig. 9 ). There is a have been noted previously (Hurford and The only lesion positive on culture in the " A" chemotherapy group was from a patient treated with three times weekly streptomycin and P.A.S. daily (S3 P). This regime was included as generally acceptable, but this single exception supports the opinion of Stewart and others (1956) that it is not an effective combination. It is clear that quality of chemotherapy is as important as its duration. "C" type chemotherapy, which had an average duration approaching that of " A " type, and of longer average duration than "B " type, yielded a higher percentage positive on film and culture.
As the majority of lesions sampled were solid and non-cavitated, and bacteriological results in these varied with the chemotherapy, we cannot agree with Canetti, Israel, Hertzog, Daumet, and Toty (1954) that chemotherapy has little influence on solid lesions as opposed to cavities.
As was to be expected, the great majority of positive lesions with resistant organisms occurred in patients after "C" type chemotherapy, there being only one example of resistant organisms in lesions after "A" chemotherapy, and that the S3 P rdgime, and one example after "B " type chemotherapy.
Of 34 patients with resistant organisms present at some time in sputum before operation, 37% - Fig. 11 shows that the percentage of positives on direct examination increases in proportion to the size of the lesion. Analysis of each of the chemotherapy groups in turn shows a similar pattern. Culture results in relation to size of lesion also showed a higher percentage of positives as the lesion size increased. Analysis of the individual chemotherapy groups " B," " C," and " D " showed the same trend, but with " A " chemotherapy only one positive culture was found, whatever the size of the lesion.
Difference in bacterial content of lesions according to their size has been noted before; Canetti and others (1954) found increased positives with larger lesions. Our findings in 240 measured lesions emphasize this, and the results after " A)" chemotherapy support the view of Stewart and others (1956) that duration of chemotherapy is very important, and that the largest can be made negative on culture after good chemotherapy.
The smaller number of A.F.B. and positive cultures from smaller lesions is not unexpected when we consider the good results achieved after resection, when small lesions are left in situ. This concept of the importance of size has also influenced some clinicians in the need-for resection in their patients, and in our material 16% of lesions over 0.75 cm. were culture positive compared with 8% of lesions smaller than 0.75 cm.
An implication of our findings, we think, is that more attention might be paid to lesion size in decisions about treatment. Is it ppssible that periods of chemotherapy shorter than eight to 12 months will suffice for the smaller lesions ? If the bacteria remaining in caseous lesions were not dead (and 88% of lesions over 1.5 cm. contained acid-fast bacilli after " A " type chemotherapy), the indication for resection would be the greater the larger the lesion. CONSISTENCE AND BACTERIOLOGY.-There was a correlation between the consistence and bacteriology (Fig. 12) , the pultaceous lesions having most direct, culture, and guinea-pig positives. It is interesting to note that though seven of the 12 calcified lesions were positive on direct examination, none was positive on culture. This finding is in direct contrast to that of Canetti (1955) in lesions calcifying without chemotherapy. He could not see tubercle bacilli in these lesions but found 50% positive on guinea-pig inoculation.
Our findings suggest that, from a purely bacteriological standpoint, patients presenting with calcified lesions would benefit from chemotherapy. HISTOLOGY AND BACTERIOLOGY.-There was a relationship between the histology of the capsule and the bacteriology of the lesion (Fig. 13) . Lesions In these 218 patients, only 26 open cavities were found in the resected specimens; this is a lower incidence of open cavitation than might be expected even with uniformly good chemotherapy (Livings, 1957) , although in this series only 19% had such good treatment.
All cavities seen, blocked and open, were measured, and only 8 % were larger than 2.5 cm.; 32% measured between 1.5 cm. and 2.5 cm.; 60% were less than 1.5 cm. in diameter. This was considered to be a very satisfactory end result, and the factors to which it could be attributed were sought.
Ninety-three patients shown radiologically to have had cavities and treated by chemotherapy and posture were considered. It was found that in 80% of these cavity closure had been achieved. In 37 % blocked cavities were recognized; 3 % had stellate scars, and in the remaining 40% solid caseous lesions only were reported. This figure of 40% may seem unduly high, but, as pointed out, the differentiation between blocked cavities and other solid tuberculous lesions is often difficult. Nevertheless, it does not alter in any way the overall figure of 80% of patients with cavities having achieved a satisfactory end result.
The factors known to affect cavity closure, and which were common to these 93 patients, were chemotherapy and posture. We therefore correlated chemotherapy with cavity closure (Fig. 14) . It will be seen that, in the group receiving the best type of chemotherapy, there is the lowest percentage of cavity closure; it is noteworthy, however, that many of these open cavities were smooth walled. The other chemotherapy groups differ but little. The satisfactory closure rate, in this series, was not related to the quality of the chemotherapy, and we therefore think that posture has contributed substantially. numbers are small the results in relation to chemotherapy are significant. There were no positive cultures from five cavities after "A" chemotherapy, one positive out of three after " B," one out of two after "C," and the one cavity examined after " D " was positive.
It would appear that in this series posture has contributed considerably to the high cavity closure rate, and chemotherapy has been responsible for the " sterilization " of cavities.
Because the number of open cavities examined bacteriologically was so small compared with the number of blocked cavities examined, we can give no indication whether cavity reduction aided by posture is accompanied by any favourable effect on the bacteriology. It was clear, however, that blocked, cavities were more frequently positive than " solid " lesions, suggesting that the former are potentially more dangerous. Postural reduction appears to be a valuable ancillary method for reducing cavity size and aiding closure, but its effect on the bacteriology remains uncertain.
SUMMARY AND CONCLUSIONS
Two hundred and forty resection specimens from 218 patients treated with anti-tuberculosis drugs were examined bacteriologically and in 65% acid-fast bacilli were seen, but tubercle bacilli were grown in 12% only.
Chemotherapy had a slight influence on the consistence of the lesions, tending to induce solidification, and a definite influence on the histology of the capsule, speeding the tendency to fibrous encapsulation. After good chemotherapy no positive cultures were found, after indifferent 12%, after bad rdgimes of long duration 18%, and after good chemotherapy of short duration 35 % were positive on culture.
It was found that the development of bacteriological resistance was an important factor in the persisting positivity of resected lesions, and that the development of resistance was associated with bad chemotherapy.
The size of the lesions influenced the bacteriology, larger lesions being more frequently positive on direct examination and culture. After good chemotherapy, however, even the largest lesions failed to yield positive cultures.
In 93 patients known to have cavitated disease, cavity closure was achieved in 80%: this good result was largely attributed to postural reduction rather than to the chemotherapy administered.
